Introduction
We continue the investigation of astrometric binaries among the fundamental stars presented in the previous paper (Gontcharov and Kiyaeva 2002 -hereafter Paper I). We use the method of a direct combination of the Hipparcos data with astrometric ground-based observational catalogues as described by Gontcharov et al. (2001) . Briefly, the parallaxes from the Hipparcos catalogue (ESA 1997 -hereafter HIP) or its new reduction (van Leeuwen 2007 -hereafter HIP2), radial velocities from the Pulkovo Compilation of Radial Velocities (Gontcharov 2006 -hereafter PCRV) as well as positions from the HIP or HIP2 and observational ground-based catalogues were used in order to reduce many observational ground-based catalogues into a common reference frame close to the ICRS/Hipparcos. The results of the reductions are a uniform series of positions of 1535 Basic FK5 stars (Fricke et al. 1988 ) over several decades (including the photocentric positions from the HIP or HIP2). These series of star positions were used to improve individual proper motions of the stars which were published as The Proper Motions of Fundamental Stars catalogue (PMFS), Part I (Gontcharov et al. 2001 ) and then slightly revised for some stars with new ground-based and HIP2 data. The motion of many stars appear non-linear. It is separated into linear motion of the barycentre of the stellar pair and elliptical motion of the photocentre around the barycentre. The latter is analyzed here with the aim to calculate orbits and masses of components. The procedure of separation of the nonlinear motion into a linear and an elliptic one includes a mutual improvement of the proper motion and orbital elements in iterations as described in Paper I.
Previously we used 57 observational astrometric catalogues listed by Gontcharov et al. (2001) . Three ground-based catalogues added for the current investigation are listed in Table 1 . Mutual processing of all the 60 catalogues having epochs between 1938 and 1999 leads to a revision of the proper motions of some stars in the PMFS catalogue. The revised PMFS will be discussed elsewhere. In this paper both original and revised proper motions are given.
The comparison of our results with several known orbits and application of the method to the calculation of some new orbits were presented in the Paper I. Preliminary orbits for another six binaries are discussed here. 
Stars under consideration
The stars are listed in Balachandran (1990) , Chereul et al. (1999) . Table 3 gives the components (µ α · cos δ and µ δ ) of their proper motion taken from the FK5, FK6 (long-term prediction (LTP) by ), HIP, HIP2, PMFS catalogue and its current revision. The PMFS and its revision give the barycentric proper motions. The FK5 and FK6 give the photocentric proper motions based on more than a century of observations. These motions are close to the barycentric ones for many stars. The HIP and HIP2 give the photocentric proper motion of these binaries in the course of the mission. Three years of the mission is much less than orbital periods of these stars. Therefore the HIP/HIP2 photocentric proper motion generally is far from the barycentric one.
In Table 4 we show the semi-major axis of apparent ellipse a app , standard deviation of the astrometric observations from the best orbit along α -σ The deviation of the observations from the orbits shows that the used ground-based catalogues can be divided into two groups depending on the accidental accuracy (after the reduction to the ICRS/Hipparcos): the classical catalogues with accuracy of positions near 100÷200 mas and the catalogues It is evident from the standard deviation of the observations and the precision of the orbital elements that our orbits must be regarded as preliminary. They are meant to provide a baseline for future observations and orbit calculations.
In order to evaluate the precision of the orbits a dense set of the orbits is calculated for the 7-dimension space determined by the orbital elements. The precision of every orbital element is calculated as the dispersion of the element for all the orbits with σ α+δ < σ
where N is the number of used catalogues.
The self-consistent sets of orbital elements with their precision as well as other parameters of the binaries are presented in Table 5 . To obtain the sets we used the following common relations as mentioned in Paper I. The orbital elements P, T, i, e and Ω are the same for the relative (secondary with respect to primary) and photocentric (photocentre with respect to barycentre) orbits; ω differs by 180
• . The ratio of the distance 'barycentre -primary' to 'secondary -primary' is B = M B /(M A + M B ), where M A and M B are the component masses; the ratio of the distance 'photocentre -primary' to 'B-A' is β = 1/(1 + 10 0.4∆m ), where ∆m is the magnitude difference. Thus, a pm = a BA · (B − β), where a BA and a pm are the relative and photocentric semi-major axes (both in milliarcseconds (mas) hereafter). For every pair except µ Ser the mass of the primary is approximately estimated from the magnitude, spectrum, color index or other external data. Then the system of 2 equations
is solved for M B and a BA . Hereafter all the masses are given in solar masses.
The speckle-interferometric observations of the secondary of µ Ser allow us 9 to calculate a BA and solve these equations for M A and M B .
The precisions of the orbital elements, parallax, M A and ∆m determine the ones of the derived parameters. Both the accepted and derived precisions are indicated in Table 5 , except some parameters of Phecda because of the uncertainty of its mass.
Our observational material together with the photocentric orbits is shown in Fig. 1-6 , each of which is composed of three subfigures. The first subfigure shows the observations together with the orbit in the form of the offsets ∆δ versus ∆α cos δ given in arcsec. The Hipparcos position matches the calculated orbit quite well. The barycentre is marked by a cross. The observations are connected by O-C (observed -calculated) lines to the appropriate epochs on the orbital ellipses. The second and third subfigures give the offsets ∆α cos δ and ∆δ, respectively, as a function of time. The figures are not ideal representations of our results because a) the astrometric catalogues have different accuracies and respective weights in our processing and b) some astrometric catalogues containing only α or δ are not presented in the subfigure '∆δ versus ∆α cos δ'. Table 5 : Self-consistent sets of some parameters of the binaries: 7 rows of assumed (in italic) and derived orbital elements with precision followed by the rows of other parameters where parallax, ∆m, as well as mass (except µ Ser), spectrum and V magnitude of the primary are accepted. This prediction appears to fit rather well as seen from our orbital solution presented in Table 5 and Fig. 1 . Inclusion of observations from these many catalogues improves the orbital fit.
The discrepancies between rather young age, low metallicity and considerable velocity (about 48 km/s with respect to the Sun) do not allow us to establish the status of this star. The hidden component of 0.6 solar masses fits a main-sequence star or a white dwarf. The Hipparcos observations seem to be highly disturbed by the multiplicity: 13% of data were rejected and the HIP Intermediate Astrometry still remains significantly scattered. Therefore, although the mean position from HIP is in good agreement with the ground-based results it is not used in our processing.
The used observations and obtained results are presented in Table 5 and Fig. 2 where 'primary' and 'secondary' designate the observed close pair Aa-Ab and the new unseen component, respectively. Edge-on orientation of the orbit means that the observable photocentre moves almost linearly. Some systematic errors and mistakes of ground-based astrometry can produce such an effect. Thus, the new component is questionable. On the other hand, some elements of our orbit presented in Table 5 are similar to the ones of the known close pair Aa-Ab: ω is 287
• versus 284
• , eccentricity is 0.6 versus 0.54, but inclination is 93
• versus 60. m , a BA ≈ 518 mas, a pm ≈ 760 mas and the proper motion listed in the FK6. This prediction appears quite reliable as seen from our solution presented in Table 5 and Fig. 3 . A red or white dwarf fits the parameters best. It should be noted that this orbit fits the astrometric observations best. Soubiran et al. (2008) are slightly discrepant although they rule out a previously declared very high metallicity status of this star.
As for ι Vir some discrepancy between rather young age and high metallicity on the one hand and high velocity on the other make the status of the star uncertain. It could have acquired the high velocity during the formation of the hidden companion, if this star is a white dwarf. Else it is just a low-mass main-sequence star.
The orbit is shown in Fig. 4 . Periastron passage is expected within a few years after 2011.
Oph
Abt and Levy (1976) calculated a spectroscopic orbit with a period of about 3.5 years. The data used by them look insufficient to calculate a reliable orbit as pointed out by Morbey and Griffin (1987) . The unseen secondary has never been detected in many speckle-interferometric observations listed in the Fourth Catalog. The orbit is shown in Fig. 5 .
The HIP gives an acceleration solution whereas HIP2 gives a stochastic solution and quite a different parallax which fits the spectrum, magnitude and B − V better. Low metallicity contradicts a young age of this star. Table 5 ). Also, there are five speckle-interferometric observations of this pair made in 1995-1999 and listed in the Fourth Catalog together with the revised Hipparcos position. The results of these six observations are shown in Fig. 6 as light asterisks. The speckle-interferometric observations are used together with our observational material to obtain a better orbit. As a result it is found that the speckleinterferometric observations fit our a pm when a BA = 350 mas and B − β = 0.31. Thus, for this pair both the masses are calculated. The low precision of the mass determination may explain the discrepancy between similar masses but different luminosities. The same does not allow us to establish the status of the secondary. It may be a A or F dwarf, subgiant, giant or even a pair of late-type dwarfs.
Conclusions
We hope that our preliminary orbits may help guide the observations so that someone may resolve the unseen components of five of the binaries and highlight the need for the continual monitoring of the other. Some unusual properties of the systems such as discrepancies between age, metallicity and velocity may relate to the presence of the unseen components. 
